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.PERIVASCULAR MESENCHYMAL PRECURSOR CELLS 
FIELD OF THE INVENTION 

Tttsinventio .^te^^^.,^^^ 
5 of such precursors carrying a perivascular marker. 

BACKGROUND OF THE INVENTION 

Numerous , t isolalfag aMag mesenchyDlal ^ ^ 

attempted of .he potential .ha, fbese cells have for medicinal us, P itttogere<o/ 

3 0999) show the expansion of clonogenic cells from bone marrow and describes a " 
preo^aonof enh.rgednsesenchvnta. stemceffa. A more recent example of such a method 
prnvuhng fbr.mlatively high yield from bone marrow is disclosed in publication 
WOOI/04268 to Simmons ""canon 

To date however there have been no ex.mp.es of tnetitods tha, permi, the isolation of 
mesenchymal precursor cells from a wide range of tissues. 

SUMMARY OF THE INVENTION 

The present invenrion arise, from the finding that a population of mulupotenria. mesenchmal 

. much wider range of tissue type soumea of MFC* man me single tissue bone 
™ «*■- - * WO«l/04 26 g. The present invention rfses from m. litioua, 
findmg urn, an emrched population MFCs can be differentiated in* two populations 
d_,ed by th. marxer 3G5. MFCs tira, are 305 positive are considered of interest 
P^cularly for neovascularization applications, affcough demonstiubly they am afco shown 
to mfferentiate mto other tissue types. It is an additional finding of the nresen. • 

,o ^ am , numbers of committed cells fo provide a number of differentiafed tisT 
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h? a first form of a first aspect the invention might be said to reside in a method of enriching 
for mesenchymal precursor cells (MPCs), the method including the step of preparing a single 
cell suspension from a vascularised source tissue and the step of enriching based on the 
presence of an early perivascular cell marker. 

In a second form of the first aspect the invention might be said to reside in a method of 
enriching for mesenchymal precursor cells, the method including the step of preparing a 
single cell suspension from a, non-bone marrow, vascularised source tissue and separating 
the tissue into separate cells and the step of enriching based one of the presence or level of 
one or more early developmental markers and the absence of one or more surface markers 
indicative of commitment 



In a third form of the first aspect the invention might be said to reside in a method of 
enriching for mesenchymal precursor cells (MPCs), the method including the step of 
preparing a single cell suspension from a vascularised source tissue and the step of enriching 
based on the presence of markers expressed in the vascmarized tissue by peri-vascular cells. 

In a second aspect the invention might be said to reside in an enriched population of cells 
enriched for mesenchymal precursor cells (MPCs) said MPCs having a phenotype of 3G5 
MUC18, VCAM-1, STRO-l 1 ™ and a smooth muscle actin. 

In a first form of a third aspect the invention might be said to reside in an isolated 
mesenchymal precursor cells (MPCs) said MPCs having a phenotype of 3G5, MUC1 8 
VCAM-1 , STRO-l w and a smooth muscle actin. 

In a second form of the third aspect the invention might be said to reside in an isolated 
mammalian cell that is multipotent and that is positive for the surface marker 3G5. 
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p. a thtrd form . f the « ^ lhe ^ ta ^ ^ ^ ^ m 

p™ ceU (MPc), capab.e of to*, a clonic Cony artd dilating to teee or 

ILTo ^ '" tod ^ ' ^ ° f * e *- - no, 

muted ,o, ampose trssue, tee*, dentei pulp, sti n, liver, kidney, bca^ retina, brain, hair 

^! , ^ ,ymPh P ™ ^ *— <• "on. 

' CTd0n - " - **" — * - * POsMv. for the surface maAer STOO- , . 

In a fourth form of the tod .spec, ft. invention migh, be said to reside in an unexpanded 
~ of coda enriched for mesenchymai preens ce„a (MFCs), capab.e of^ a 
donogentc cofony and differentiating * three or more mesenchyma, tissue types, said M^Cs 
co-expressutg surface marker, MUC, 8/CD.46 and alpha-smootb ™*LL. 

fa. ft. tford aspect of th. invention whmin ^ « ^ J -«■ 

■5 ^odon.oo.as.dentin-p^e.ondro^,^ 

a^pocyte, fireblas, marrow stroma, osteoclast- and hema^edcsnppornve shL, 
cam™* smoommnse.e.ske.e.aimnsCe.peric^ vascular, epTnai, gBa. 
neuronal, astrocyte or oligodendrocyte cell. ' 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure,, ^nw^^^^^ 

(CC9). (A) Sort region, Rl, represents me double positive STOO- 1 •"/CD 146* 

onSTRO-1 /CD146* expressim, was determined by treating dilution 
^""^catesp^Uconc^^ 

Cgranuiantv) „gb« scatter characteristics of BMMNCs (C), STOO..-/CD.46" 
ccUs(D) and STOO- 1 ""/CD .46* cells (E) (F)RTPCR, , V 
3 I» ,tT /CDl4^=^.- ) WT-PCR analysis of STOO- 

/CDl^sorted marrow cells for CBFA1 0 ane 2), osteocalcin (fa. 4) and 
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.; GAPDH (lane 6) transcripts. Control cells (BMSSC cultures grown in the 

presence of dexamethasone) expressing CBFA1 (lane 1), osteocalcin (lane3), 
and GAPDH (lane 5) is also shown. Reaction mixes were subjected to 
electrophoresis on a 1.5% agarose gel and visualised by ethidium bromide 
5 staining. (G) In situ expression of CD 146 on blood vessel (bv) walls (arrow) 

in human bone marrow (bm) sections near the bone (b) surface 20X. Sections 
were counter stained with Hematoxylin. (H) Dual Immunofluorescence 
staining demonstrating reactivity of the STRO-1 antibody labeled with Texas 
red and the CC9 antibody labeled with fluorescein isothiocyanate, reacting to 
1 0 blood vessel walls in frozen sections of human bone marrow. 

Figure 2. Immunophenotypic analysis of DPSCs in vivo. The bar graph depicts the 

number of clonogenic colonies retrieved from single cell suspensions of dental 
pulp following immunomagnetic bead selection based on reactivity to 
antibodies that recognize STRO-1, CD146, and 3G5 and isotype-matched 
negative control antibodies. The data are expressed as the number of colony- 
forming units obtained in the bead positive cell fractions as a percentage of 
the total number of colonies in unfractionated pulp cells averaged from three 
separate experiments. Statistical significance (*) was determined using the 
student t-test (p 0.01) comparing the percent total number of colonies for each 
antibody with the corresponding isotype-matched control. 

Figure 3. Reactivity of perivascular makers in dental pulp. (A) Immunolocalization of 
the STRO-1 antigen on blood vessels (small arrows) in human dental pulp (p) 
and around perineurium (large arrow) surrounding a nerve bundle (nb) 20X. 
(B) Dual Immunofluorescence staining demonstrating reactivity of the STRO- 
1 antibody labeled with Texas Red to dental pulp perineurium (arrow) in 
combination with an anti-neurofilament antibody labeled with fluorescein 
isothiosyanate staining the inner nerve bundle (nb), 4GX (Q 
Immunolocalization of the CD146 antigen to blood vessel walls in human 
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"IT! **** ^ T - «—•»■«- vesse, 

and the CC9 antibody bbded ^ ^ 

Z^T 0 * " PU,P "* — anti- 

DSP ana-body M to 4, odcntoblaa, onte, taver (od) 

reachvty «„ a sing,e pericyte (arrow, in a Wood vesse, (bv) wan Tissu 

aecnonawereconn.eraained^Hema.oxy.in. *~ 

3G5 re artvitytoBMSSC 5 .(A)The ret «a mtal i veh i aoim , m . - 
dual-colnrEino . • ™>ove histogram depicts a typical 

*^PACS ^pxcffle,,, wholeboMmarow ^ 

(regions -R !-6). ™« date are cxpreaacd as <he mean incidence of co.onv 

DevelopmenialpotenaalcfpnrifiedBMSSCaandDPSCainv,™ • 
PreparanonaofMAC^ACSiao^s^O-.^cw"! ^T" 

»W« ^p.pceOaO^eC^S 

^edwithanantibodvaDeeifi„f n ,, t "epicrea oy small arrows), 

Wllk nD °dy specific to o -smooth muscle actin (Q and von 

WiDebrand Factor. (D). (E) Ectopic bone formation (b) and 
naematopoiefic/adlpogenic marrow tbmihv „ • 

from STRO-1 -/CD.40* BMSSQ ^! **- 
W B ^*SSCs transplanted with HA/TCP into 

nmnunocompromised mice for thine months (E) <FiF„ 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/085630 



PCT/AU2004/000416 



Figure 6 Expression of CD34, CD45 and Glycophorin-A on STRO-1 positive bone 

marrow mononuclear cells. Representative histograms depicting typical dual- 
colour flow cytometric analysis profiles of STRO-1 positive bone marrow 
mononuclear cells isolated initially by magnetic activated sorting and co- 
5 stained with antibodies directed against CD34 (A), CD45 (B) or Glycophorin- 

A (C). The STRO-1 antibody was identified using a goat anti-murine IgM- 
fluorescein isothiocyanate while CD34, CD45 and Glycophorin-A were 
identified using a goat anti-murine IgG- phycoerythrin. The high expressing 
STRO-1 fraction which contained the clonogenic MPC population was 
1 0 isolated by fluorescence activated cell sorting based on regions Rl and R2. 

Figure 7 Bone marrow MPC are STRO-1 bright, CD34 negative, CD45 negative and 
Glycophorin-A negative. The graph depicts the results of in vitro adherent 
colony formation assays performed for each of the different sorted STRO-1 
1 5 bri Sht populations selected by their co-expression or lack of either the CD34, 

CD45 or Gycophorin-A antigens, based on regions Rl and R2 as indicated in 
Figure 6. These data are expressed as the mean incidence of colony-forming 
units for each cell fraction averaged from two separate experiments. 

20 Figure 8 Reactivity of perivascular makers in different human tissues. Dual-colour 
immunofluorescence staining demonstrating reactivity of (A) STRO-1 and 
CD146, (B) STRO-1 and alpha-smooth muscle actin, and (Q 3G5 and 
CD146, on blood vessels and connective tissue present on spleen, pancreas 
(Panel 1), brain, kidney (Panel 2), liver, heart (Panel 3) and skin (Panel 4) 

25 20X - Tfce STRO-1 and 3G5 antibodies were identified using a goat anti- 

murine IgM-Texas Red while CD146 and alpha-smooth muscle actin were 
identified using a goat anti-murine or IgG-fluorescein isothiocyanate. Co- 
localization is indicated by overlaping areas of yellow and orange 
fluorescence (white arrows). 

30 
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Isolation of adfpos^derived MFC by FACS. Representative flow cyfometirc 
hrstogrems depicting the expression ofSTRO-I, CD1 46 and 3G5 in fresh 
preparations of peripheral adipose-derived singled. suspensions general 
following collagenase/dispase digestion as previously described (Shi and 
Gronthos 2003). The antibodies were identified using either a goat snti- 
munne IgM orlgG-phycoeryftrin. Cell population, were then selected by 
FACS, based on their positivity (region R3) or negativity (region R2> to ^ 
marker and then plated into regular growth medium to asse* the incidence of 
adherent colony-forming cells in each cell fraction. 

Figure 10 CWgenic adipo^derived MFC are positive for STRO- ./3G5/CD146 The 
bar graph depic* me number of clonogemc colonies retrieved from single cell 
suspension, of enzymadcaUy digested human perip heral ^ ^ 
foUowing fluorescence activated cell sorting, based on fheir reactivity to 
antibodies tha, recognize STRO-., CDH6, and 3G5 (Figure 9), then culture* 
m sumdard growm ntedium as previously described for bone manow and 
dentel pmp tissue (Shf and Gronmos 2003). Tie date are expressed as the 
number of colony-fonuing unft, obfained per 1 0> cells p.ated in the positive 
and negarve cell fraction, averaged from two srpamte experiments. 

Immunophenotypie analysis of adipose^erived MFC. Representetiv. flow 
cytometric hjstogrem, depicting the co-expression of STRO-1 and CD,4o (A) 
and 3G5 and CD.4* in fresh preparations of peri plleral adipose^rived 

Tie STRO-1 and 3G5 antibodies were identified using a goat anti^nrine 
IgM-phycoerythrin while CD ,46 wa, identified using a goa, anti-murine Ig G- 
fluorescent tsodnocyatafe. Apprexhnately 60% a*, 50% of fh. CD.T 
posttive ecus compress STRO-1 and 3G5, respectively. These data suggest 
•ha, ,0% or more of me CD,o4 positive cefls compress STRO-1 and 3G5 



Figure 11 
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Figure 12 Developmental potential of purified Adipocyte-derived MPC in vitro. 

Preparations of primary MPC cultures derived from STRO-17CD146+ adipose 
cells were re-cultured either in standard culture conditions (A), osteogenic 
5 inductive medium (B), Adipogenic inductive medium (C) or condrogenic 

conditions (D) as previously described Gronthos et al. 2003. Following two 
weeks of multi-differentiation induction, the adipocyte-derived MPC 
demonstrated the capacity to form bone (B; Alizarin positive mineral 
deposits), fat (C; Oil Red O positive lipid) and cartilage (D: collagen type U 
10 matrix). 
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Figure 13 Isolation of skin-derived MPC by FACS. Representative flow cytometirc 
histograms depicting the expression of STRO-1, CD146 and 3G5 in fresh 
preparations of full thickness skin-derived single-cell suspensions generated 
following coUagenase/dispase digestion. The antibodies were identified using 
either a goat anti-murine IgM or IgG-phycoerythrin. Cell populations were 
then selected by FACS, based on their positivity (region R3) or negativity 
(region R2) to each marker and then plated into regular growth medium to 
assess the incidence of adherent colony-forming cells in each cell fraction. 

Figure 14 Clonogenic skin-derived MPC are positive for STRO-1 /3G5/CD 146. The bar 
graph depicts the number of adherent colonies recovered from single cell 
suspensions of enzymatically digested human skin, following fluorescence 
activated cell sorting, based on their reactivity to antibodies that recognize 
STRO-1, CD146, and 3G5 (Figure 6), then cultured in standard growth 
medium as previously described for bone marrow and dental pulp tissue (Shi 
and Gronthos 2003). The data are expressed as the number of colony-forming 
units obtained per 10* cells plated in the positive and negative cell fractions 
averaged from two separate experiments. 
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^ A - ImmUn ° phen0t yP ic ex P ressi °° Pattern of ex vivo expanded bone marrow 

MPC. Single cell suspensions of ex vivo expanded bone marrow MFC were 
prepared by trypsin/EDTA treatment then incubated with antibodies 
identifying cell lineage-associated markers. For those antibodies identifying 
intracellular antigens, cell preparations were fixed with cold 70% ethanol to 
permeanbilize the cellular membrane prior to staining for intracellular 
markers. Isotype matched control antibodies were treated under identical 
conditions. Flow cytometric analysis was performed using a COULTER 
EPICS instrument The dot plots represent 5,000 listmode events indicating 
the level of fluorescence intensity for each lineage cell marker (bold line) with 
reference to the isotype matched negative control antibodies (thin line) 
B. Gene expression profile of cultured MPC. Single cell suspensions of 
ex vrvo expanded bone marrow MPC were prepared by trypsin/EDTA 
treatment and total cellular RNA was prepared. Using RNAzolB extraction 
method total RNA was isolated and used as a template for cDNA synthesis 
prepared using standard procedure. The expression of various transcripts was 
assessed by PCR amplification, using a standard protocol as described 
P^viously^onmose, 

Table 2. Following amplification, each reaction mixture was analysed by 
1 .5% agarose gel electrophoresis, and visualised by ethidium bromide 
staunng. Relative gene expression for each cell marker was assessed with 
reference to the expression of the house-keeping gene, GAPDH, using 
ImageQuant software. 

25 Fignre.6. ^ » pttdti STRO-l w MPC can develop in*, arteno.ea ,„ „ >0 

cell suspend of ex rivo expanded bone man™ STRO-1- Mpc were 

prepared by tiypsta^TA treatmen, then p )lto J 48-well platea 
containing 200* of m a«geL Tie STRO-." MPC wereplaud a, 20,000 celfc 
per we,, in sennn-free median, (Gronfl-oa « a,. 2003) Rented wid, 
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growth factors PDGF, EGF, VEGF at lOng/ml. Following 24 hours of culture 
at 37°C in 5% C0 2 , the wells were washed then fixed with 4% 
paraformaldehyde. Immunohistochemical studies were subsequently 
performed demonstrated that the cord-like structures expressed alpha-smooth 
muscle actin identified with a goat-anti-murine IgG horse radish peroxidase 
antibody. 

DETAILED DESCRIPTION OF THE ILLUSTRATED AND EXEMPLIED 
EMBODIMENTS OF THE INVENTION 

The present invention relates to mesenchmal precursor cells, in particular those that may be 
present m the perivascular compartment of vascularised tissue. Such mesenchymal cells may 
be .dentified by the presence of the 3G5 surface marker, and perhaps additionally or 
separately by other early developmental markers such as CD 146 (MUC18), VCAM-1 and 
STRO-1. 



15 



P™ cells are early cells ma, are substentiauy „ , pr ^ xpamim ^ of devek) 
These are cells 4a. have ye. to differentiate to fclly commuted ^ however ^ netd ^ 
be stem cells in a stiic, sense, in fta. ftey are necessarily able to differentiate into all types of 
cells. Partially differentiated precursor cells have a beneft in <ha, ftey have a greater 
20 proliferative potential than stem cells. 

The preen, precursor ceils are somewha, differentiatod in (ha. .hey are committed to 
mesenchymal tissue, as opposed, for esampte, to haemopoietic tissues. I. is eviden, fa, ^ 
date produced lha. *e MFCs dud have been isolated lack marten, associated wi«h 
25 haemopoietic cells such as CD34, and additionally their differentiation potential does no. 
extend to haemopoietic lines. Additionally ftey need no. necessarily have me potentia! ,o 

differentiate into ail mesenchymal cel. .ype, rafter, mey may be able to differentiate into one 

two three or more cell types. 
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« . antc.pa.ed tha, these precursor ceil tested iron, ft. 8ssues ^ may ^ 

ce U .soiafed *» he m ay be reintroduced » regent heart assue> 
potentia. need not be so .intited, precursor eel, isolated from one tissue fype ndgh, „, ^ 
5 ^-^n-einanot^tissue,^^ 

^ ^ ^ the ro«e of differentiation 

and therefore the reintroduction need not necessarily be tissue specific. 

I. ? e ^ WmddMto ^^ rc ^^.-^o„a,^cordL 
struoures. have been produced after ex vivo expansion of isolated MFCs. 

n^a^^cforceriaincelltypes. Lis thus anticipafen tha, under apptopriate 

dlt ^ **" **■ odonX 

d^produ^ chondrocy*. tendon, tiganten, carnage, adipocyte, fibrob>a* marrow 

s^osfeoclas,- ^en^ietic-sup^ruvesh^ ca^acn.scle, snK^nZT 
^ letal ^ pency^ VMCular , „ ^al, asrrocy, „ ^ 



One of the benefitsofthe finding ^ MPC. can be iso,a M ft^ pe,^^ ^ ^ ^ 

*. ^y expands the ^ of source tissue* ft™ which MFCs cau be isoiated or ^ 
»d ^ a no Ionscr „ effective m ^ ^ of ^ to -chad 

are hunt* bone manw, denfa, pulp cells, adipose tissue and shin. fa addition in I 
stainmg and histological studies have identified tha, MFC are ore^t • 1 
™ m ..- m „,„ , , umativu-care present in the perivascular 

compartinen. of spjeen, pancreas, brain, kidney, liver and heart Given Otis wide ™, rf 
range of tis^e types where Avascular MFCs are preset* „ „ propol" 
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4— pulp, akin, Bver, kidney, hear, retina, bra in, hnir fcUicles> mtestine> , mR 
lymph node, thymus, panereas, bone, Hgamen, bone maiIOW> ^ md ^ 

Tlcsep re c lm o r ce 1 ,,„fa 1 . presCTtinvmtion „ ^ ^ 

pertvaseu,ar eells, in pardeular the presence of w or more of C01 4o(MUCl 8), VCAM-1 
aod ahernahve,y or addition*,* high , evd of ^ ^ J' ^ 

^-~^™«"P*vase*areeUsn»ya^^ 

alpha smooth muscle actm (ocSMA). P 



.5 ^-'y^cio^,,^^^^^ ^ 

mchxi. bu, are no. necessardy limited ,„ the group consisting ofTHY-I VCAM , ,CA M . 

ipoF r^ m ^ cDi0 - cdi3 - sct - sTO °- ibri - pdgp -«- "nr«» 

20 „ r " R(SraOU2) - P - fi --~^on e orr^o fAe ae maAmniaybe 

20 used tn methods of enriching far MPCa from source tissue * 

TT» MFCs of the present invention may also be characterised by the absence of markers 
F~t dtrTerenunt* tismc , and enrichment may be has* on the absence of 



25 



,S Prefared mK * « Ib ^ not present Markers characteristically id.™* 7 
no, presen, inch.de bu. are no, ,imi.ed t o CD34, CMS and ^^T^ I 

markers for this purpose mfgh, inelude CD20 and CD,9 fflTLTT t 

iy < B 'ymphocyte markers), CDI 1 7 ( c - 
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jcit oncoprotein) present on hemopoietic stem cells and angioblasts, CD 14 (macrophage), 
CD3 and CD4 (T cells). 

It may be desirable to use the relatively quiescent, directly enriched or isolated perivascular 
MCPs. Alternatively it has been discovered that expansion of the enriched population can be 
carried out and have the beneficial effect of resulting in much greater numbers of cells. The 
effect of expansion of the directly enriched pool of cells is, however, that some 
differentiation of the initial MCPs will occur. Expansion over a 5 week period might result in 
an increase of 10* fold. Other periods might be chosen to expand the population to between 
10 2 to 10 s fold. This potential might be directed by culturing them is media containing 
cytokines and other factors directing the differentiation to a particular tissue type for example 
PDGF and VEGF forming smooth muscle alpha cords. These could then be introduce into a 
tissue with, for example, an insult to assist with repair. Alternatively it may be desired after 
expansion to re select cells on the basis of an early developmental marker, that might be 
15 STRO-l"" to increase the proportion of MPCs in the population. 

It is found that an essentially pure population of MCPs is not necessary to provide for 
formation of differentiated cells to form desired tissue structures. The enriched population 
may have levels of MCPs of greater than about 0.001, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 or 1% or 

20 higher as a proportion of total cell numbers in the enriched population. This order of 

enrichment can be achieved by the use of a single marker for selection of the enriched MCP 
population. This is particularly so where the source tissue has an inherently high level of 
perivascular MCPs. It is found that considerably more 3G5 pos MCPs are present in certain 
tissue, for example dental pulp, than in bone marrow. Thus in bone marrow 3G5 positive 

25 MPCs constitute about 15% of MPC based on STRl"* colony forming cells, whereas in 
dental pulp that are found to constitue 65% and greater than 90% in fat and skin tissues 
Expansion of the population and then re-enrichment using a single marker coung result in 
higher Ieves of MPCs, perhaps levels greaer than about 0.1, 0.5, 1, 2, 5 or 10% 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/085630 



PCT7AU2004/000416 



10 



15 



20 



14 

Whilst it is considered desirable that a substantial proportion and preferably a majority of 
precursor cells are perivascular MPCs, it is not considered essential for certain forms of the 
invent™ for perivascular MPCs to be the sole precursor cell form. Other forms of 
precursors may also be present without unduly interfering with the capacity of the 
perivascular MPCs to undergo the desired differentiation. Such other forms may include 
haemopoietic precursors or non-perivascular MPCs, perhaps being negative for 3G5. 

Certain forms of the present invention provide perivascular MPCs substantially free of 
endothelial cells. In that context substantially free might be considered to be less than about 
5,2, 1, or 0.1-/. endothelial cells. Alternatively me context might be an assessment that the 
enriched population is von Willebrand Factor negative. 

It will be understood that recognition of cells carrying the cell surface markers that form the 
basis of the separation can be effected by a number of different methods, however all of 
these methods rely upon binding a binding agent to the marker concerned followed by a 
separation of those that exhibit binding, being either high level binding, or low level binding 
or no binding. The most convenient binding agents are antibodies or antibody based 
molecules, preferably being monoclonal antibodies or based on monoclonal antibodies 
because of the specificity of these latter agents. Antibodies can be used for both steps 
however other agents might also be used, thus ligands for these markers may also be 
employed to enrich for cells carrying them, or lacking them. 



The antibodies may be attached to a solid support to allow for a crude separation. The 

25 1ZT Sh<>Uld ° f *• fraction to be 

25 collected. Various techniques of different efficacy may be employed to obtain relatively 

-^-tions The particular techmone employed wiU depend upon effidency of 
ZZT; ^ Cyt0t ° XiCity ' ~ - ^ of Performance, and necessity^ 
sophisticated equipment and/or technical skilL Procedures for separation may include but 
are not limited to, magnetic separation, using antibody-coated magnetic beads S£ ** 
30 chron^gniphy and "panning" with antibody attached to a solid Itrix. Techni^ 
providing accurate separation include but are not limited to FACS. 
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It is in the context of tt.es, method, that a cell be either negative or positive. The positive 
ceUs may either he ,o W(1 o) or a hi (bright) expresser depending on ti* degree to w"e 

understood in the context of the marker used on a particular eett population being sorted. 

The method of enriching for perivasenlar MFCs might include ft. step of making . ^ 
parriatty ennched poo, lof eel,, by enriching fo, tite expression of a Z of ttrema^and 

It is prefer that the method comprises a fimt step Wng a ^ ptase ^ 

on recogmtion of one or more of the makers. The soiid phase Jting stlTf tttel^ 

embotumen. utilise* MACS recognising high level expression of STR^7 ^ a l 

an enriched pool with greater numbers of ceUs than if a high accnZ^ fT 

step. ,f for sample PACS la used fimt, many of the precutr *Z^« of 

^Zell tT " ^ ^ secon d sorting step can then foUo W 

separation method. This second sorting step might involve the use oft™ n 

Thus in the liberated embodiment two coL rtc* is L£^£ZP~ 

expression of the antigen recognised by STRO-1 as well, as ttte expr^on oTcDllo The 

ITIL , * * ^ "* - te — **«* g ~us,y ad^S clnS 

the stinting population is already partially enriched. stea oecause 

Ttemettiodofenrichingforpei^cnlarlvffCsmightalsoiiictade.h»l..™ , 

of ttte stem cells before the fire, enrichment step usufg ^^S^^C"" 

will be snrgtcally removed. Cells comprising the souree tiss™ will 1 u 

cows, sheep, pi^ and ttte like, domestic J^TjZTZZ T "* " 
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In a further form the invention might be said to reside a method of generation tissue in a 
mammal comprising the step of enriching a population of precursor cells as in the first aspect 
of the nwention, and introducing the enriched population into the mammal, and allowing the 
enriched population to generate the tissue in the mammal. 

Another potential use for enriched cells of the present invention is as a means of gene 
therapy, by the introduction of exogenous nucleic acids for expression of therapeutic 
substances in the tissue types concerned. 

In the context of the present invention the term isolated cell may mean that perivascular 
MFCs comprise at least 30, 40, 50, 60, 70, 80, or 95% of total cells of the population in 
which they are present 



1 5 EXAMPLE 1 Isolation and expansion of precursor cells 

Stem cell niches identified in a number of differen, aduj, tissues including sKn, hair follicles 
bone marrow, intestine, brain, pancreas and more recently dental pulp, are often highly ' 
vascularize sites « The maintenance and regulation of normally quiescou stem cell 
20 PaP^ttsistigMycontroHedbymel^ 

requirements of the host tissue.". Both me supple <„nnective tissues of bone marrow 
and dental pulp contain stiomal stem eel] populations with high proliferative potential, 
capable of regenerating their respective nticroenvhonments with remaricable fidelity 
mcludmg the surrounding mineralized structures of bone and dentin.™ to me postnatal 
25 orgamsm, bone marrow stoma exists as a loosely woven, highly vascularized tissue that 
supports and regulates hematop.feia.t". At a time when many tissues have lost or 
decrea^ their ability to regenerate, aduhbone marrow retains acapacny for continuous 
renewal of haematopoietic parenchymal tissue and is responsible for remodeling the 

adjmmng bone surface,™ Incontras, the irme, pulp chamber ofteeti, is comprised of a 
^-*°P°ieuc, compact ffln^ 
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^tombed by mineralized dentin. (,, ,3 > FoUowinatftnth «. • 

relatively static i • following tooth maturation, dental pulp becomes 

reiauveiy static, actmg only in a reparative capacity in resnnn^ 

-i* cause* by ^ such as caries or JLLZT ^ 

oniasts (DPSCs: dental pulp stem cells), both fonns of MPCs itotifirf h ,u ■ 
hssue, w^^aUyidendfiedbyU.eir.apaettvtof.nne. " K, .* , * a « h * — »«<" 

upended BMSSCs and DPSCs share a simihr gene expression *" 
.0 trauscripuona! regular «n^^^ZT, **' ^ ° f 
adhesion molecules, and some but no. ftaontAeceptors, cell 

documented ma, Individual BMSSC colonies demote ZZZT" ^ 

^--^^andde^opmen^po^r^^;,^ 
'5 M*™^^^ ™ Snmlart. these 

developmental capacityof duTenm, DPScJ^ " ^ ^ 

^^arrnngementofst^precursorrrresil ^ ^ 

headed by a minor population of mgnZ^^uTT " ^ ^ 

to commits bi- and um-potenj — *ve rise 

2Q potential progenitor cell populations.^ 

Despite our extensive knowledee ahont th» — • 

expressionpahe^anddevelopmenWpoteuuab^^ b JTt^ 
taown if al, of the colony-forming cells within are^ 2 7' ^ 

25 s«m eel, poo! or whemes they ariae fiom committed P,U^ '" POten, 
Uneage, Tnere is also a lack of information regarmnTIe u^ ^ * *** 
BMSSCs and DPSCa in their respective nsT^Ts T" a " a ' ,0Ca,i0D * 

o^sandodon^pa.cm.yforp^^TrZr; 
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been hypothesized that one possible niche for precursors of osteoblasts and odontoblasts maj 
be the micro vasculature networks of bone marrow and dental pulp, respectively. 03 ** 0 

MATERIALS AND METHODS 
Tissue Samples 

Iliac crest-derived bone marrow mononuclear cells (BMMNCs), from normal human adult 
volunteers were obtained under guidelines set by the Royal Adealaide Hospital Human 
Ethics Committee. Normal human impacted third molars were collected from young adults 
the University of Adelaide Dental Clinic Research under approved guidelines set by the 
University of Adelaide Human Ethics Committee, respectively. Discarded full thickness skin 
and peripheral adipose tissue were obtained from routine plastic surgery procedures from the 
Skin Cell Engineering Laboratory, under the guidelines set by the Royal Adelaide Hospital 
Human Ethics Committee. The pulp tissue was separated from the crown and root as 
previously described. (4) Single cell suspensions of dental pulp, skin and adipose tissue were 
prepared by enzymatic digestion in a solution of 3 rag/ml collagenase type I (Worthington 
Biochem, Freehold, NJ) and 4 mg/ml dispase (Boehringer Mannheim, GMBH, Germany) for 
one to three hours at 37°C. Single cell suspensions were obtained by passing the cells 
through a 70 um strainer (Falcon, BD Labware, Franklin Lakes, NJ). Cell (0.01 to 1 x 
lOVwell) preparations of bone marrow, dental pulp, skin and adipose were then used for 
either, immunolselection, RNA extraction, or direct culture in 6-well plates (Costar, 
Cambridge, MA) as described below. 

Other human tissue specimens (Brain, liver, heart , kidney, lung, spleen, thymus, lymph node, 
pancreas, skin) were obtained from autopsies carried out at the Royal Adelaide Hospital 
during routine pathological examinations under approved guidelines set by the Royal 
Adelaide Hospital Human Ethics Committee. Small specimens approximately 0.5 cm2 of each 
tissue type were placed into Tissue-Tek H cryomoulds 25 mm x 20 mm x 5 mm (Miles 
Laboratories; Naperville, IL) and embedded with OCT. compound medium (Miles 
Laboratories) by immersion into a 150ml to 200ml pyrex glass beaker of iso-pentane (BDH 
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^ Prc - C0 ° Ied ^ 3 ^ «* « *-» of ^ 

^ tsopenUne hns ecoM when the bo«on, of*. ^ „ wUle . ^ ^J* 

m me "istopathology Department of the I M V S Wk a 
5 were obtain* ^ ^ 0^0^ M V ^ " 

seen™ „r fcnMHn ^ paraffin OTbedded ^ ^^-^^r* 

1 0 Colony Efficiency Assay and Culture 

cultures were feed with 4% formalin, and then stained with 0 1 * totnt,,- k, 

of ^ „ „ greafcr than fifty Mlb were scoreu aa cj^c l '" ^ 

forming umts-fibroblastic (CFU-F). «l-valent to colony 

20 Magnetic-Activated Cell Sorting (MACS) 

This procedure ia a modification of that described elsewhere <*» BnVflv 

10' BMMNCs were incubated with STOO-lbri Bnefly, approximately I x 

2 5 ^^B^e,c A ,f M4S i^r i r^rwe^^ 5 ^ cai '* 8 

incubated with s.eptavidin microbeada <W*Z2t^ ^ 

on ice, then separa,ed on a mJJS"^ T ^ ^ *" ' 5 
according to the roannfaenrere ™eTn^ " ^ ^ 
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Fluorescence activated Cell Sorting (FACS) 

c™ n L T CS iS ° lated ^ ^ " M ^ ' conjugate (,*> 

CALTAO Labomtories) far 20tninut«s on ice then washed with PBS/5% FBS s , . 

5 fluorescence activated coU son™ /fa™ ^ PBS/5/. FBS. Smgle^olor 

™ VMMMUro ^8< FA CS)wasperfonne<insingaFACSter PlM flow 
cytotneter (Becfcn Diddu^n, Sunnyva^CA* Dua. eolor-FACS analysis was aTeved bv 
tncubating MACS-isofcted STOO," BMMNCs with saturating (,:.£* rf^T ' 
antibody supen.atiu,, {mo use ann-human CDI^eVMUdg/MeJ-CAM IgG^D, 
Gronthos) for on. hour on ico. Affer washing win, PBS/5% FBS ftT' n 

0 with a aecond .abel goat anfl-tnouse IgG,a (Ahl s3 fi ,T" 

using the autinnated eeU deposition nni, (ACdZTkIc ^ ^ 1" ^ 
dilution assay: seeded I 2 34 5 * ,„ „ FACStar™ flow cytometer. Umiting 

y seeuedl,2, 3 4,5,4 10 cells per well, 24 replieatea, oultnred in serum 
depnved nrediun, for .0 days asp^ous* descHbed - shnilarfy, fleshly ZZ^ 
5 unfractionated BMMNCs were incubated with CC9 (IgG^ and 3G5 {3gM)^ntibodi« or 

PBS 5/ FBS, the cells w** ntcubated with a s^nd IabeI goa , mU 
^iflc)phyeoeryarin(PE)andIgMn/50 CArT4^r k. • ^'P 3 * 

p Ar « t plus - 05 S P nor t<> bang analysed using a 

FACStar- flow eytonteter. Positive reacuvfly for each antibody was deflnel as «hZ 1 
of fluorescence g.a.er titan 99% of the isotype matched contin, aLbodies 

Flow Cytometric Analysis 

Single cell suspensions of e* vivo expanded bone matrow MFC were nrena j h 

/,raS * M, ^ b ^«*wwithagoatanti-nnniner»M 
Phycoe,yti™a/50,souti^^^ 
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cell preparations were permeanbilize the cellular memk™ 

« wasperformed u^.co^^^ 
™ WO iistmode ^ ^ fc — 

Immunhistochemistry 

Human tissue section, ^ were de . waJKd fa 

"UOPBS. Frozen tissue ^ md grated through gmded ethaaol 

5% non-immune M serun, for . hour a, room .empenmJlL 7^ W,U ' 
^antibodies for, hour at rc™ tempemturoTn^ ^ ^ 
-ro. (Cattag, BurUngame, CA); ^Z^^^T ^ & ^ 

(Dako, Carptateria, CA); STRO-l;CC9 (aun-CD.46,. LF ' ^ 

(-00), roonociona, supama.au. oZdZ* - J^^TT" 
was performed by iueubauug me samples with the . ^ 885,111,8 

•* auu-mou« W M Mm t'TT"* aM '' b0dy ' 

Laboratories). Samples were countervailed with hen,! r VeCtor 
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Immunomagnetic bead selection 

^Lu,T^™ PU,P ^ ™«" ,ed «» reac«ve to 

M PBS/ /.BSA then .ncubateu M either sheep an n .,nouse ,g(^ njllgated orra| 
5 .nouse IgM-congugated .nagneuc Dynabeads (4 beads per cell: Dynal^ £ NoZ ^40 
™u te sona rot ar yi n ixerat4 . ( , Cells binding* beads wet, rented using,^ 

Matrigel-Arteriole Assay 
10 Single cell suspensions of ex vivo expanded bone mam,w STRO-1^ MPr 

^ 7 ' " 20,000 CeU " >0rWd,ta —.fee nte^un (Crouul e, 
24 boa* of cutare „ 3TC „ 5% ft, weHs w „ ^ ^ ° Uo ™* 

^^.eae^ideadfledwiU.a^-a,^^^^™ 
anbbodyACectastaining Kit as described above. 

,0 Ad * 0 * eniCandCk ° nd '°*^'*&™««>°n of MPC* 

-0 S.ngfc ce D suspense of ex vivo landed adipose^ved MPC were cultured in aMEM 

W - -.duee bone tnanow MPC to fonn 
nnnerahz«. bone tnatrix in vftro (O^thos e, aL. 2003). MineraJ deposit weTdln H h 
positive von Kossa suining. Adipogenesis was induced in thepJlaTf ^ 

P-teusiy des«ibed (Cotnhos et ai 2003). OD Red O staining wl used ^ZZ f •„ 
Wen fat cells. Cbondrogenie damnation was . 8 * "l» d - 

.0 ag*n, TGF-03 as desofted (Pittenger e, ^ ™ ^ ^ "> 
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In vivo transplantation studies 

' Approximately 5.0x10 « of ex vivo expanded ceils derive * 

BMSSCs or CD146* DPSP, " ***** STRO-l«/CDl4^ 

» .'«<> *. dorsal surfcce of ^wee^ld ^ traMPl ° nted ly 

HartanSpra^D,^ £££ «P -ice (NIH-bg^ 

ey, Indianapolis, IN) as previously described «> tt,« 
perfonnedm accordance to specifications of an approved arT, ? " ^ 

an approved animal protocol (NIDCR #00-113). 

transcription-polymerase chain reaction. 
Total RNA was prepared from STRO-l^/mi^ 

using RNA STAT-dO (TEMEST ^ E^c^™ ^ ** ^ «* * 

P^ed wM, a firs.-stod ^ „ wt ^ - 

obgo^Tprto, *rand cDNA (2 ,0 w M aaL Z^X^T^ ^ » 
- (Roche Diagnosocs, Ombb * * *• « "* — 

P™er sets: CBFA1 ( 0 32bp, and toe ^ JlT„ P * "* hUmm 

CTATOOA^COCCACOCC^;*^;^^^^ 5 '- 
CATAGCCATCGTAGCCTTGTCCT.3. 5 '" 
CATGAOAOCCCTCACA-3. [SEQ Z* (31 ^^: 

» 3' [SEQ ID N0 . 4]; GAPDH ^Z^S^^^^^^ 
CSBQ ID MO. 5,; antonse S-.TCATArn.^O^'Tr" 000 ^ 3 ' 
reacnons were incubated to a PCR Express Hvb ai „T BBQ 05 N °' * ™- 

w* a to, 7 toure ^ . 7 r C ^ ^ ^ ^ ^ ^ ^ 
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. Ana. 7 ntote a,7rc ™ T "* ^ ^ * 35 cycle 

b y 1.5% agarose gel eiecntl * mpMca ' ion - -* — « was 

gelelecn^toes,,^^^^^ 
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RESULTS 

BMSSCs andDPSCs express vascular associated antigens STRO-1 and CD146 in vivo 
We have previously demonstrated the efficacy of magnetic activated cell sorting (MACS) to 
isolate and enrich for all detectable clonogenic colonies from aspirates of human marrow ' 
5 based on their high expression ofSTRO-1 antigen.^ To further characterize BMSSCs' we 
mcubated the STRO-1- MACS isolated cells with another monoclonal antibody CC9 « 
that recognizes the cell surface antigen CD146, also known as MUC-18, Mel-CAM and 
Sendo-1, that is present on endothelial and smooth muscle cells. These studies determined 
that CC9, selectively bound the STRO-1 bright expressing fraction (STRO-1**) from the 
10 total STRO-1* population by dual-color FACS analysis (Figure 1 A). Cloning efficiency 
assays using Poisson distribution statistics, yielded a marked increase in the incidence of 
BMSSCs (1 colony per 5 STRO-1 -/CD 1 46* cells plated), and achieved a 2 x 10* fold 
e^chment of the clonogenic colony population when compared to unfracdonated marrow 
(Figure IB). No colony formation could be detected in STRO-l^/CDl 46" cell fraction 
1 5 (data not shown). 

Ttc light scatter proposes of SraW«",CD14<iWw cefls we* typically Iarger ^ 
^granular ^ to nucleated eryfiuoid ^ mi B. Iynlpllocytts ^ 
theSTRO-1 Population" (Figure 1& E).Cy to ^p repa ^ ofSTO0 . 11 « r/CD14(r 
20 sotted celte were found to be negative for the eryfiuoid (gJycophorin-A) and leukocyte 
(CD45) associated markers (date no. shown). Confirmation that BMSSCs represented an 
*-«"••<«-* ****** Population was obtained by RT-PCR analysis of highly purified 
MACS/FACS-isohtted STRO-^VCW ceUs, which ftfied tedetect meesT^ 
osteogenic nuuherajCBPA, and osteocalcin respecdvely (Figure IF). However, the 
2S progeny of SmO-t^CD,^ sorted BMSSCs were found to express both CBFA1 and 
o^catan, fofiowing „ WV o expansion. InrntunolocaHzafion studies demonsttated tha, fire 
CD ! « anttgen was predominantty ^pressed on btood vessel walla in sections of human 
bone marrow (Figure 1G). Localization of both STRO-1 and CD,4d was confined ,0 large 
blood vessels m frozen sections of human bone mam,w trephine (Figure 1H). 
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DPSCs wa, reactive du. to to ^ oftb ^ ^ « FACS ™W - 

obtain*, ft™ 3 u, 4 different ^ ™** W> ~ »"»" P»'P "saoes 

<«- s^on oa single cell suspensions ofTJ^To! ^ 
the STRO-1 or CD146 antigens. The STT^l'fiJT "Weenon of either 

tota.po.poeU population. Cornparative studies W™^* 1 * « Wthe 

10 ^"w^anpe^MZZToe^ ""''-^ ^^'^^ofindividna, 

w m represented in the none ^ — 

"Us per , 0> ceUs pIate<i ± 54 SB , n^^HT ^ *° 
■5 <* co.ony-fo^g ^ „ ^ "^B^t f *** 
^^ofhun.and-te.nul U JL^J^^— 
*.<*ody, CC9. Colony efficiency assay, showed «nat HTk * *° 

pulp^ierived clonogenk colon* w«J , * I,^>POr,i0,, f96% > <* 

was seven-fold greater than uufiactionateu pulp cells I 0* °cUs plated ±37 SE, n=3) 
plated* 9 SB, n=3). »*MpuIp cells (42 coknry-fonning cells per 10« cells 

Immunolocalization studies showed that STRO-1 ex™« i 

ooontehhst layer or fibrous tissue inT b « ™ ~t nsesen, in the matin, 

Wood vessel eel, waUs, with no reactivity to the IT ^ ° n " OUte 

30 odontoblast-specific differenti aBoil nurker^ti , ' ^ CXP ™ i ° a ° f b ™» 

marker, deMu^o^ ^ was ^ ^ 
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C2 PU,Pal T CO '" ainin8 0d ° n,0b,aSB ^ 3E > "* - — m fibrous 
tissue, nerve bundles and blood vessels. 

<W«M ^,essl 0B o/zAepe^to. ^ JCJ ^ ^ & 

^pressed ^ a !arg. pinion (54%, of hematopoiefic „ WM 

BMSSCs duectly fa, aspirates of human narrow. In addition, dual-FACS Zh, • k / 
on 3G5 anH <jTT?r> i % auawACS analysis based 

10 ZZ " ™ M ' POSS '' ble - - — *— shared .be same 

sorted subfractions demonsbnted that mdy . rai nor propornon (,4%) of hone mZ 
elonogemc colon™ expressed the 3G5 antigen « ,ow levels (Figure 4B) oTT 
togerproportton(63%)ofolono g enicDPSC a n<» i , ^ Conversely,. 

±18 4SEn_« ^^^"^'"^"fc^ 

1 5 1 1 ~ *** ^ *»"*• — magneno bead 

15 seleeuon (F.gure 2). 3G5 demonstrated soecific ™,«^„ . • smttM 

buma. denml pmp ussue (Figme 3^ ^ ta ^ ^ 

We nex, analyzed the eapmssion of mom specific markers of endothelial ecus (von 

5B^ «■ •, , u ^S^ 5 ^ but lacked expression of von Wflebrand Factor (Figure 
SB). Snarly, the majority of isolated DPSCs (85%) were also found to expre To T^L 
muscle actin, but not von Willebrand Factor (Figure 5C 5D) PurifiaH T 
25 1 BRT /CD146 + BMSSCs and CD14<S* DPSCs wer k ^ Populations of STRO 

♦~ , 146 DPSCs were subsequently expanded /« vflw, rt^ 

1* P-Seny of cultumd BMSSCs and DPSCs disp,ayed disuuc, ^ ~ " W< '- 
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F), and appeared identical to the developmental potential of non-selected ™,« , 
derived BMSSCs and DPSCs (4). mult-colony 

DISCUSSION 

mioovasculature of their respective tissues. * 

«»- anhgen .3 present on pn^,, ofvarious j,/^™" 
fibroblasts, osteoMaste, chondrocytes, adipocytes, and sJl ! ^ m<UI0W 
bun™ adul, and f«al bona ■n^w^^^T*"' ^ *"» 

» ^ofP^o^epop^^^^" ^WnnpncatedSnuMasa 

ccU pn>Iiferation and differed . ^^° D " *"*■"*«* "* Mowing 

non and dtflerennanon mto mature osteoblasts in vuro."»-»> Tie STPrv, 

annganwaaabofoundtobep^ento,,,,,,,^^^ . 

Wood vessejs, bu. not capillaries, in dnfeeut adnl. tissues such^ ^ 
20 liver, tag, lymphno<lei TWo^m^ ^ ** 

thesestemcell populations *, situ. avascular niche for 

To determine if BMSSCs and np<jp D „ 
25 another an^dy (CC ) Cn^^~ ^ ^ ^ ~* W « «^ 

/, ^"^wii io oe present on smooth muscle p^a^u ■• 
myopias* and Schwann ecus in ^ as weU as being a mlTfo, t 
neoplasms. 0 " Notably CDl«i. . W SOme ln)mM 
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fiy*m cellular recesses indudu>g ced adhedon, cytoake.etal reorgaofcafion, ce-J 5 hape 
rn.gral.oa and proliferafion through tranamembrane signaling. ' 

5 IT'ZT *• BMSSC POPUtea0n - STO<>, * n -»•-*■ ceUa were further 

^ZT, K STO °' r " — giycopbodn-A* nncl.ea.ed 

STOO-1 /CD.^human BMSSCa delayed light scatter proves charge of Urge 
g-ular cells. Our study supports die findings of Van Vlasaelaer and colleagues (.994)<»» 
who .aotaed pardafiy punfied BMSSCa fion, .nuHne hone .arrow foUowingTfiLeu (5 
1 0 treafcnent. and idendfied dda popufadon as having nigh perpendlcdsr 1 forw^ 

a^four.du.beposiuvetbr^opedvaseularnnnte.Sab.la^Sah.2..- Convey JL 
populauons drsphry ,ow pe^enduadar and forward Ugh, sender .nopertes™ and tteefL 

1" '"— BMSSCS of CBPA, and osfcoca.cn, d,at 

BMSSCs eah*., a ,™ g enic pbeno^ in tannan hone ^ w J ound 
Ihat a high proportron of freshly isolated STRO-l""/CD146*BM<!ef 

» T a t hu.no,d,^^ c _j~zr.rr, 



25 



The present study also demonstrated the efficacy of usmg magnetic bead select^ t • , 

e.therSrao-1 orCD,46. ImmunolocaJJzation of CD 1 46 appeared to be specific to the 
-aovascuh.huuwiddndenfclpup. Cc-.ocaU.adon of both SmO-f andCD,^ 
out. wads of farge b.ood vesse, in dental pufp ^ ^d tha, d.e naa^f DP ^ 
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.perineurium in dental pulp and peripheral nerve bnndlea (unpublished observations), further 
tnvesnganon i, required to determine the role of Una antigen in neural cell development. 

Analogous to BMSSCs, freshly isolated CD!^ DPSCs w<re found to express a -smooth 
muscle actin bu, no, von Wfflebrand Factor. DPSCs were also shown to be an immatom pre- 
odontogemc popmanon both by their location distal from me dentin fonning surface and by 
then- !ack of expression of the human odontoMast-apecinc dentin sialoprotein (DSP) which 
ts restituted to the onto p„,nal ,a yer containing differentiated odontoblasts. We ha« 
prevtously described ma. ex v,Vo expanded human DPSCs do no, express the precursor 
moleoule, d^tinsMophosphoprotein (DSPP), ,„ vftro when cultured under non-inductive 
condttmns «> Simitar stodies have shown tha, DSPP mRNA was highly expressed in freshly 
■sotated odontohh^pmp tissu* bu, was no, detec, in cultined dental papiBa cells derived 
from ra, u.c,sors .<«>•-> It is only when DPSCs are induced, either in or by „ Wvo 

transplantation to form an ordered dentin matrix that DSPP is expressed. 14 ' 

In vitro studies of ex vivo expanded BMSSCs and DPSCs supported the notion that their 
progeny were morphologically similar to cultunxl perivascular ceUs having a bi-polar 
fibroMa.Oc, steUar or flat morphology, rath* than a polygooa. endomelial-iike appe*ance 
la addmon, „e have previously shown that the progeny of BMSSC and DPSC^erived ' 
20 colomes exhibit heterogeneous staining tor both CD146 and a -smooth muscle actio, but 
lack expression of me endomelial markers, CD34 and von Willehrand Factor, ,„ 

DF e sc!Z!r ^ ^ mCXBCbyaai — — "* - BMSSCs and 

DPSCs harbour m penvascuUr niches may have mrtiter implications for identiiying stem cell 
25 poprtanonsmotiteraduhtissue* Recen, findings have identified human 

potent mesenchyme stem ce* in connective tissue, of ske.etel muscle, and dennis derived 
from human fetol and adul, samp.es - H„wev W me exact location, develoomentel potent 
and ontogeny o these stem cells is stiu largely unknot h. me presen, stu£ id en £Z 
of mesenchyma, stem eel! niches in bone marmw and dentin pu, pnl ay h e,p eLdat, to 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/085630 



PCT/AU2004/000416 



30 



10 



mndamental conditions necessary to selectively maintain and expand primitive multi 
potential populations in vitro, in order to direct their developmental potentials in 



VIVO. 



EXAMPLE 2 

Adult human bone marrow MPC are distinct from stromal precursor cells, haematopoietic 
stem cells and angioblasts by their high expression of the STRO-1 antigen and lack ofCD34 
expression 

Postnatal bone marrow appears to be a hub of residential stem and precursor cell types 
responsible for blood cell formation (haematopoietic stem cells), endothelial development 
(angioblast), and connective tissue/stromal differentiation (stromal precursor cells/bone 
marrow stromal stem cells/mesenchymal stem cells). Recent work by our group (Gronthos et 
al. 2003; Shi and Gronthos 2003) has, for the first time, purified and characterised human 
multipotential bone marrow mesenchymal precursor cells (MPC) based on their high 
expression of the STRO-1 antigen and by their compression of the immunoglobulin 
15 superfamily members, VCAM-1 (CD106) and MUC- 18 (GDI 46). Early studies by Simmons 
and Torok-Storb (1991a and b), have shown that bone marrow-derived STRO-1 + stromal 
precursor cells, with the capacity to form adherent colonies in vitro, also expressed the 
haematopoietic stem cell marker, CD34, albeit at low levels. These studies used CD34 
antibody-complement mediated cell lysis to eliminate a high proportion of adherent colony- 
20 forming cells in marrow aspirates (Simmons and Torok-Storb 1991b). It is important to note 
that while the STRO-1 antibody was generated following immunisation of mice with human 
CD34 + bone marrow cells, this may have arisen due to the fact that the STRO-1 antigen is 
also expressed at moderate to low levels on CD34VGlycophorin-A + nucleated red cells and 
CD34VCD20 + B-lymphocytes. We now offer direct evidence, using sophisticated 
25 fluorescence activated cell sorting technology that multipotential adult human bone marrow 
MPC express high levels of STRO-1, but lack expression to the stromal precursor cell, 
haematopoietic stem cell and angioblast maker (CD34), the leukocyte antigen (CD45) and 
the nucleated red cell marker (Glycophorin-A) (Figure 6A-C). These data demonstrate' that 
adult human bone marrow-derived MPC are a novel stem cell population, distinct fiom more 
30 mature stromal precursor cells, haematopoietic stem cells and angioblast (Figure 7) 
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'rz^f e " *■ materiais "** ° f — *— - — - 

Figure 6. Expression «f CD34, CD45 and G.yeophorin-A on STRC-! positive bone marrow 
—.ear ce IIs . Represent histe^ depiedng ^ fl ^~ 

Z^ Profile3 "< ™ ^—wmononncearcena ^ in^T 

m^e acovated sorting and co-gained with anybodies directed against CD34 (A) CrL 

2^ <C) - ^ STO °-' - «*— oanfg a ^ 

^reseen, .sothiocyanate white CD34, CD45 and Cycopborin-A were idenffled 
»amg a goat ana-munn. IgG- phycoerythnn. Tte high erasing STRO-1 Sacdon which 
— the ctenogenic MPC popniadon waa isotated by fluo™ ^ ^1, 
based on regions Rl and R2. sorting 



h 1 ^ ™ C ~ STR °' 1 W * > CD34 «•■— and 

Giycopbortn-A negadve. The graph depic* me results of in vi.ro adherent lLon 

their compression or lack of either the CD34 CD45 or flw«* • . . ^ 
of coteny-formmg nn*a for each cen dacdon avenged don. two „ experiment 

EXAMPLE 3. UvmficaSonofntopo^Mc ,n mfferentkuman tissues 

Wlnle me existence and preciae loeadon of MFC in different assues „ 

bave .eenuy demonsdated th* MPC appear to teside in a perivaacui. ^^1" 

marrow and den., pulp ^ (sii ^ ^ obsJ^jHL 

acombinadon of rnnxmnohistechendcal and immnnosetecdon memoda telT^ 

marker, STRO-1, the smooth muscle and pericyte markers CD 14* „i i, • 

---pe.cy.e^en^.ao.wr.v.n.r^r"^:^ 
demonstradng me eo-ioe^on of STRC/CD^, STRO-i/aipha-amoommnseie acdn, 
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. and 3G5/CD146 antigens in a wider variety of tissues including heart, liver, kidney, skin, 
spleen, pancreas, lymph node (Figure 8). 

To confirm our earlier fc,^ ^ MPCoanbe derived ftom non-bone .nanow tissue such 
as dental pulp, we used fluorescence activated cell sorting to isolate difleren, MPC 
populations ten aduh human peripheral adipose. Single ce.l suspensions were .bunted 
following digestion of the adipose tissue with coUa g( mase and dispase as previously 
described (Shi and Oronthos 2003). Tie adrposoJeriveo cells were men mcubated with 
anrihod.es reactive agains, STOO-. , CD>4« and 3G5. CeU pop ul ations woe men se.ected 

then plated m«o regular grow* medium (Shi and Gronthos 2003) to assess the incidence of 
adfeent colony-fcrming ecus in e^h cell faction (Figure 9). Following ,2 days of cuhure 
co omcs (aggregates of 50 cells or more) were scored and disphyed as the number of ' 
~lon.es per ,, ceUs plated for each cell fraction. Our data demons*** that MPC can be 
derived from adipose tissues based on their expression of STRO-l/3G5/CD14o antigens 
(F.gure ,0) Dua, colour flow cytem«ric antdysis confirmed ma, only a minor p^on of 
^ ^ STRO-1/CD146 and 3G5/CD146 (Figum , ,). Tuese 

findtngs a» consistent wim om previous observations that MPC can be isolated fiom both 
bone nuurow and dentel pulp tissue based on me same se, of perivascular ma*ets (Shi and 
G^nthos 2003). Furihenrtore, we pmvrd. evidence demonsriating drat adipose died 
MPC .sorted by CD14* setection have the capacity to diffetentiafe into difleren, tissue, 
such as bone, fa, and callage (Figum >2 X as previous described (Gromhce e, al. 2003). 

Recen, findmgs examining tie existence of MPC in unrelated tissues such as skin has also 

foirr 10 T"*** ""^^ -P- ions were obtained 
Mowmg dtgesnon of fid, uticknes, human skin w*h coHagenase and dispase as descfted 
above for human adipose tissue. Tie skin-derived ceUs were men incubated witi, antic^ 

IgG- phycoerymnn. Cell populations we« tten selected by FACS, based on their posmZ 
(te 9 on R3) or negativity (region R2) ,0 each marker and then p,ated inte tegular ^ 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/0856JO 



PCT/AU2004/000416 



33 



tnedtun, m and Gronthos 2003) ,o assess the incidence of adW colony-fonning Klh to 

luZ™ " d " ° f P-ed (or each 

ceU fiacre ^ demonstnlte(1 ^ ^ _ ^ ^ ^ 

5 express™ of STKO-WGS/CDUd antigens (Figure ,0). CoUecdvely these da«a suggest!, 
T*T" - * "-«- and isdafcd in virdraUy aU vas Larised tissuT 
denved fron, posmalal human tissue based „„ a connnon phenotype. 



25 



F.gur. ^Reactivity of penvascutar makers in differ, human tissues. Dual-colour 
_ flD ^ of (a) ^ ^ 

. IZuvTn ° 0,h mU3Cl ° ^ ^ 3 « «*< CD,<d, on biood vessel 

connective dssue present on spleen, pancreas (Panel I), brain, kidney (Panel m K» . 

a Una, anti-murine or ,gG-nuoreac«n isodtiocyunate. Co-locaUzadon 1, 
urdrcated by overlaping area, of yellow and orange fluorescence (whit, arrows). 

Figure 9. Isolation of adipos*detived MFC by FACS. Represent flow cymmemc 

PedlnTad r e ™ OTOfSmW - CT '"^ 3G5ta ^~-f 
pe^bera. adtpose^enved single-ceU suspensions generated fcUowing conagemWdispase 
Ration as prevtousiy described (Shi and Combos 2003, Tbe anlibodies wtre J^T 

selected by FACS, based on their posidvity (region R3) or negativity (region R21 h, „ K 
■nark* and then plated into regular growth medium to assess 1 ml^f^T 
colony-forming ceils in each cell fraction. « 01 adherent 
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•Figure 10. Clonogenic adipose-derived MPC are positive for STRO-1/3G5/CD146. The bar 
graph depicts the number of clonogenic colonies retrieved from single cell suspensions of 
enzymatically digested human peripheral adipose tissue, following fluorescence activated 
cell sorting, based on their reactivity to antibodies that recognize STRO-1, CD 146, and 3G5 
5 (Figure 9), then cultured in standard growth medium as previously described for bone 
marrow and dental pulp tissue (Shi and Gronthos 2003). The data are expressed as the 
number of colony-forming units obtained per 10* cells plated in the positive and negative 
cell fractions averaged from two separate experiments. 

10 Figure 1 1. Immunophenotypic analysis of adipose-derived MPC Representative flow 

cytometric histograms depicting the co-expression of STRO-1 and CD146 (A) and 3G5 and 
CD146 in fresh preparations of peripheral adipose-derived single-cell suspensions generated 
following coUagenase/dispase digestion. The STRO-1 and 3G5 antibodies were identified 
using a goat anti-murine IgM-phycoerythrin while CD 146 was identified using a goat anti- 

15 murine IgG-fluorescein isothiocyanate. Approximately 60% and 50% of the CD 146 positive 
cells co-express STRO-1 and 3G5, respectively. These data suggest that 10% or more of the 
CD 164 positive cells co-express STRO-1 and 3G5. 

Figure 12. Developmental potential of purified Adipocyte-derived MPC in vitro. 

20 Preparations of primary MPC cultures derived from STRO-17CD146+ adipose cells were re- 
cultured either in standard culture conditions (A), osteogenic inductive medium (B) 
Adipogenic inductive medium (Q or condrogenic conditions (D) as previously described 
Gronthos et al. 2003. Following two weeks of mmu-dififerenuanon induction, the adipocyte- 
denved MPC demonstrated the capacity to form bone (B; Alizarin positive mineral 

25 deposits), fat (C; Oil Red O positive lipid) and cartilage (D: collagen type II matrix). 

Figure 13. Isolation of skin^erived MPC by FACS. Representative flow cytometirc 
histograms depicting the expression of STRO-1, CD146 and 3G5 in fresh preparations of 
^^-sldn-derived^^ 
30 dagesnon. The antibodies were identified using either a goat anti-murine IgM or IgG 
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^Phyooe^hnn. Cell populations were then selected by FACS, based „„ tbeir positivity 
(teg.on R3) or negadvity (reg i„ n R2) „ ea cb ntarke, and ^ plated ^ ^ ^ 
nted™ to assess the incidence of adhe™, colony-fonning cells in eadr cel. fincnon. 

* -"*« °' — ™d from single ce- suspension^ of 

«~-.y orgeat butnan skin, Mowing fiucescence ^ 

!™ to aMib0di » »* ™>**° «KM. CD.4o.snd 3G5, tben cuLd to 
— ^owu, medium as previously d^ed for bone nwrow and da «a, pute die 

T ^ *" m " " "'"lony-fonS uT 

^e^r p ^ taae ^^ n ^-^---- 

is z: z::r s :y^^ M ^^^ 

1^/VCAM-. (CD.O^orSTOO-^/MUC^S (^7^1 ^ Sm0 " 

Gronthos 2003> Th. Mt»- . • } C* 011 ^ * * 2003; Shi and 

-0 Z. , P ° PUta, ° 1 ' ^ *• Pro ^«ed in vi.ro unde, defined 

.0 cul« B e cond. n „ n s ( C ro n«hos«a 1 .2003). We now present data *m*J££^L 
expanded MFC p^geny baaed on marker, associated wid, different JT^ 

and flow cytometric analysis, respectively. (KT-PCR) 

25 In the first series of experiments, semi-quantitative RT-PCR analysis was emnlov^ . 
examme the gene expression profile of various line*. • ^oyed to 

~"zzz~-~z 
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expression of cell lineage-associated markers (Figure 15 A). A summary of the general 
phenotype based on the gene and protein expression of the cultured MPC is presented in 
Table 1. Direct comparison of the gene expression profile of MPC described in the present 
patent demonstrated clear differences between this cell population and mesenchymal stem 
cells (MSC) previously described by Pittenger et al. 1999, (Table 1). 

Unless otherwise indicated the materials and methods of this example are the same as those 
for Example 1. 



10 



15 



20 



FlgUre 15 A - ^^ophenotypic expression pattern of ex vivo expanded bone marrow 
MPC Single cell suspensions of ex vivo expanded bone marrow MPC were prepared by 
trypsin/EDTA treatment then incubated with antibodies identifying cell lineage-associated 
markers. For those antibodies identifying intracellular antigens, cell preparations were fixed 
with cold 70% ethanol to permeanbilize the cellular membrane prior to staining for 
mtracellular markers. Isotype matched control antibodies were treated under identical 
conditions. Flow cytometric analysis was performed using a COULTER EPICS instrument 
The dot plots represent 5,000 listmode events indicating the level of fluorescence intensity 
for each lineage cell marker (bold line) with reference to the isotype matched negative 
control antibodies (thin line). 



Rgure 15 B. Gene expression profile of cultured MPC. Single coll suspensions of ex vivo 
expanded bone marrow MPC were prepared by trypsin/EDTA treatment and total cellular 
RNA was prepared. Using RNAzolB extraction method total RNA was isolated and used as 
a template for cDNA synthesis, prepared using standard procedure. The expression of 

25 vanous transcripts was assessed by PCR amplification, using a standard protocol as 

described previously (Gronthos et al. 2003). Primers sets used in this study are shown in 
Table 2. Following amplification, each reaction mixture was analysed by 1 .5% agarose gel 
electrophoresis, and visualised by ethidium bromide staining. Relative gene expression for 
each cell marker was assessed with reference to the expression of the house-keeping gene 

30 GAPDH, using ImageQuant software. eepmggene, 
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f gur. ,6. ft *, expand* STRO-l M MPC can develop in* orioles ,„ w>0 . single ceU 
suspense of ex vfvo expanded bone marrow STOOl" md STRO-l"" MPC w^. 

I! / r (B) MPC were plated at 20,000 cells per well in seroro-fiee 

mednan <Gron«hos a a,. 2003) supp.eroea.ed w«h the grow* &otors PDGF> EG 7^ a , 

W.U. 4V. parafonaaldenyde. .nnnononisfcchennc* srod.es were subseaaeoUy period 
doooasrrared .ha, „ smaam ^ J^^, 

w<h a goat-anti-marine IgO horse radish peroxidase antibody. 

~hS^^£ 

^~o7ti^^^^^ 

and END-endodenn. IIeren » developmental ongm, ie . ECT-ectodenn, MES- mesodenn 

Differentiated Cell 
TVpe._ 




Flavin Containing 

Monooxygenase (FCi 



. -lepatocvte ( EMn^ 
Hepatocyte (END) 
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Table 2. R T-PCR primers and conditions for the specific amplification of human mRNA 



| Gene 


oonse/ Anusens® (5 -3 ) Pnm©r Sequences 


Product 
Sbe 


GAFDH 


1 ^AUAOGTTGGCAGTGG/ [SEQ ID NO 7] 
. CATGGAGAAGGCTGGGGCTC [SEQ ID NO.' 8] 
ATeCATTGGGAACCCTGTGC/ [SEQ ID NO 9] 
GCACCCAGGGCTGAGGTCCA [SEQ ID NO 10] 


417 
492 


nrii 


O 1 GGAOUAGGCAAGAGTTTCA/ [SEQ ID NO 111 
TGGCAGGTAGGTGTGGTAGTG [SEQ ID NO 121 


632 




ATGAGAGCCCTCACACTCCTC/ [SEQ ID NO 13] 
CGTAGAAGCGCCGATAGGC [SEQ ID NO 141 


289 




CTGTTGCCAGAGATGGAGGTT/[SEQIDNO 151 
TCATCGCTCAGGAGGTCCTT [SEQ ID NO. 1 6] 


370 


iMesun 


GGCAGCGTTGGAACAGAGGTTGGA/ [SEQ ID NO 171 
CTCTAAACTGGAGTGGTCAGGGCT [SEQ ID NO 181 


460 


GATA-4 


GACTTCTCAGAAGGCAGAG/ [SEQ ID NO 191 
CTATCCTCCAAGTCCCAGAG TSEO m isrn ->m 


800 


PDGFfJ- 
R 


AATGTCTCCAGCACCTTCGT/ [SEQ ID NO 211 
AGCGGATGTGGTAAGGCATA [SEQ ID NO 221 


650 


Osterix 


GGCACAAAGAAGCCGTACTC/ [SEQ ID NO 231 
CACTGGGCAGACAGTCAGAA [SEQ ID NO 241 


247 


COLX 


AGCCAGGGTTGCCAGGACCA/ [SEQ ID NO 251 
1 1 1 1 CCCACTCCAGGAGGGC [SEQ ID NO 261 


387| 


SOX9 


CTC TGC CTG TTT GGA CTT TGT/ [SEQ ID NO 271 
CCT TTG CTT GCC TTT TAC CTC [SEQ ID NO 281 


598 


Ang-1 


gCAGTCAGAGGCAGTACATGCTA AGAATTGAGTTA/ ' 
GjJJJ CCATGGTTTTGTCCCGCAGTA [SEQ ID NO 301 


300 
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CLAIMS 

i 

t 

1 • An isolated mammalian cell that is multipotent and/or multipotent and that is positive 
for the surface marker 3G5. 



5 2. 



The isolated cell of claim 1 wherein the cell has the capacity to differentiate to fonn 
at least three differentiated cell types of mesodermal origin and at least one other 
differentiated cell type from ectodermal, and endodermal origin. 

3. The isolated cell of claim 1 wherein the cell is a mesenchymal precursor cell (MFC). 

4. The isolated MFC of claim 3 wherein the cell co-expresses the marker 
MUC18/CD146. 

5. The isotaed MPC of Ota 3 wherein the c*n co^pre^ „,„ ^ ^srnooU, 
muscle actin. 

6- The isolated MPC of claim 3 wherein the cell co-expresses the marker STRO-1*. 

7. The isolated MPC of claim 3 wherein the cell co-expresses a marker selected from, 
but not limited to, the group comprising THY-1, VCAM-1, ICAM-1, PECAM-1 
CD49a/CD49b/CD29, CD49CCD29, CD49d/CD29, CD29, CD61, integrin beta ' 5 6- 
19, thrombomodulin, CD10, CD13, SCF, STRO-l«, PDGF-R, EGF-R, IGF1 R. ' 
NGF-R, FGF-R, Leptin-R (STRO-2). 

8. The isolated MPC of claim 3 wherein the cell co-expresses the markers STRO-l« 
MUC18/CD146, and alpha-smooth muscle actin. 

9. The isolated MFC of claim 3 wherein me cell is negative for the hematopietic 
markers CD45, CD34, and glycophorin A. 
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10. 



11. 



■n* Elated eel! of claim 1 or 3 whereto ^ ce „ „ jsolated ^ „ ^ 
comprising. but „„, limited to , ^ ^ , M(h _ ^ ^ J* 

heart, reona, breto, hair follicles, in,e»toe, lung> spleen> lymph ^ * 
pancreaa, bono, ligament, bone marrow, tendon, and skdetel nmacle. 

A mesenchyma, premnaor coO (MFC), capabto of fonntog . elonogenie colony and 
dOferenhabng to mree or mo* mese^hyma. dssoe rypea, isoiated ta, tao( 
*e group comprising, but not limited te, adipose ^ ^ denW 
-dney. heart, remm, bnm, bair foHicles, toteattoe, bmg, spleen, lympb £££ 
Panerea, bone. Ugameto, bone manow, tendon, and sketetel mnacle, and ^ 
positive for the surface marker STRO-l w . 

1 8/CD146 or alpha-smooth muscle actin. 

13 ' bmiTrj"^ 11 "^^^^™'^^^ 

bo, no, hmrted to, me greup comprising THY-1, VCAM-!, ICAM-1 PECAM . 

19, mrombomodnlin, CD.O, CD13, SCP, STttO-.", PDGF-R, EGF-JL^l » 
NGF-R, FGF-R, Leptin-R (STRO-2). * 

14. .aolated mpc of claim 11 wberein me ceU ia negaUve for me hematopoiedc 
markers CD45, CD34, and glycophorin A. 

1 5. tb. isolated ceU of claim ,. 3 or 1 1 whereto ^ ^ a b isolated fron , , ^ 
lo. n. isolated ceil of cMm 1,3 or 11 wherein ft. mamm* i, . tam^ 

2^trr fCWm I,30r " Wherei,,lheCe '"-^-P-^bemdnced. 
d, ff e rafi atetefom 1 ceO S comp risfa gone OT m„ re ofa tl ea St „ S teob,^odm,^ 
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5 



3 



19. 



20. 



21. 



22. 



23. 



dentm-producing, chondrocyte, tendon, ligament, cartilage, adipocyte, fibroblast, 
marrow stroma, osteoclast- and hematopoietic-supportive stroma, cardiac muscle 
smooth muscle, skeletal muscle, pericyte, vascular, epithelial, glial, neuronal 
astrocyte or oligodendrocyte cell type. 

A differentiated progeny cell obtained from the isolated cell of claim 1 3 or 1 1 
wherern the progeny cell is at least an osteoblast, odontoblast, dentin-producing, 
chondrocyte, tendon, hgament, cartilage, adipocyte, fibroblast, marrow stroma, 
osteoclast- and hematopoietic-supportive stroma, cardiac muscle, smooth muscle 
skeletal muscle, pericyte, vascular, epithelial, glial, neuronal, astrocyte or 
oligodendrocyte cell. 

An unexpanded population of cells enriched for me^rh,™ i 

of claim 3 or 1 1 . mesenchymal precursor cells (MPCs) 

An^ unexpanded population of cells enriched for mesenchymal precursor cells 
(MPCs), capable of forming a clonogenic colony and differentiating to three or more 
mesenchymal tissue types, said MPCs co-expressing the surface markers 
MUC18/CD146- and alpha-smooth muscle actin. 

An enrich^ population asmc^ 

for the marker STRO-l w . posinve 
An enriched population as in claim 20 wherein th* 

the marker 3G5. addrtta ^ P°»tive for 

An enriched population as in claim 20 wherein the MPCs co-express MUC1 8/CD 146 
alpha-smooth muscle actin, STRCM" and 3G5. MUC18/CD146, 
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.24. An cached population as in data 1 o or 20 wherein the MFCs „ negate for 
hematopoietic markers CD34, CD45, and glycophorin-A. 

ZTrZ" Cl0n08eniCCOl0nyanddilfe -"'^«° •Hreeormoreme S e„ ch> J 

o«Zn, ,ed T^" M " ^ 19 ^ — "« *~ "* MFC, capable 
of forming a elonogenic colony and differentiatmii to «~ „ 
10 tW types, erennatog to three or more mesenchymal 

^ ° ^ * *- - more mesenchymal dssue 



15 



28. ^emichedpopuiationasinclaim 1 9 or 20 comprising at.eas, 0.0 .SBISW- 



29. An enriched population as in claim 19 or 20 

20 MFCs comprising at least 0.1% STRO-l bri 

30. An enriched population as in claim 19 or 20 co™™,™ 

y or /u compnsmg at least 1% STRO-l" MPCs. 



25 



30 



31. The enriched population of claims 19 20 21 2? n , « u • , 

* • 2 or 23 wherein the population h fl « tt,« 
capacity to be induced to differentiate to form cell., ,™ • • ^ 

STT™ r ""^ ** M « — . epimeUa, 

glial, neuronal, astrocyte, or oligodendrocyte cell type. 
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3,2. The enriched population of claims 19, 20, 21, 22 or 23 wherein the population is 
enriched from a tissue of the group comprising, but not limited to, adipose tissue, 
teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair follicles, intestine, lung, 
spleen, lymph node, thymus, pancreas, bone, ligament, bone marrow, tendon, and 
skeletal muscle. 

A differentiated progeny cell obtained from the enriched population of claims 19, 20, 
2 1 , 22 or 23 wherein the progeny cell is at least an osteoblast, odontoblast, dentin^ 
producing, chondrocyte, tendon, ligament, cartilage, adipocyte, fibroblast, marrow 
stroma, osteoclast- and hematopoietic-supportive stroma, cardiac muscle, smooth 
muscle, skeletal muscle, pericyte, vascular, epithelial, glial, neuronal, astrocyte, or 
oligodendrocyte cell. 

34. An enriched population as in claims 19, 20, 21, 22 or 23 wherein the enriched 
1 5 population is expanded. 



10 



35. 



20 

36. 



25 37. 



The expanded population of claim 34 wherein the expanded population comprises at 
least 0.1% cells which express at high levels one or more of the markers STRO-1, 



3G5, or MUC18/CD146. 



The expanded population of claim 34 wherein the expanded population comprises at 
least 1% cells which express at high levels one or more of the markers STRO-l" 



3G5, or MUC18/CD146. 



The expanded population of claim 34 wherein the expanded population comprises at 
least 2% MFCs which express at high levels one or more of the markers STRO-1 bri , 



3G5, or MUC18/CD146. 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/085630 



PCT/AU 2004/0004 16 



47 



38. The expanded population of claim 34 wherein the expanded population comprises at 
least 5% cells which express at high levels one or more of the markers STRO-l", 
3G5,orMUC13/CD146. 

5 39. The expanded population of claim 34 wherein the expanded population comprises at 
least 1 0% cells which express at high levels one or more of the markers STRO-1 w , 
3G5, or MUC18/CD146. 



10 



15 



40. A method of enriching for mesenchymal precursor cells (MPCs), the method 
including the step of preparing a single cell suspension ftom a vascularized source 
tissue and the step of enriching based on the presence of markers expressed in the 
vascularized tissue by peri-vascular cells. 

41 . The method of claim 40, wherein the vascularised source tissue is in the group 
comprising, but not limited to, adipose tissue, teeth, dental pulp, skin, liver, kidney 
heart, retina, brain, hair follicles, intestine, lung, spleen, lymph node, thymus, 
pancreas, bone, ligament, bone marrow, tendon, and skeletal muscle. 

42. The method of claim 40, wherein the step of enriching is based on the presence of the 
20 marker 3G5. 

43. The method of claim 40, wherein the step of enriching is based on the presence of the 
marker MUC 1 8/CD146. 

25 44. The method of claim 40, wherein the step of enriching is based on the presence of the 
marker STRO-1 w . 

45. The method of claims 42, 43 or 44 wherein the step of enriching is based on the 
additional presence of one or more markers. 

30 
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48 



The method of claims 42, 43 or 44 wherein the step of enriching is based on the 
additional presence of one or more markers selected from the group comprising, but 
not limited to, THY-1, VCAM-1, ICAM-1, PECAM-1, CD49a/CD49b/CD29 
CD49C/CD29, CD49d/CD29, CD29, CD61, integrin beta 5, 6-19, thrombomodulin, 
CD10, CD13, SCF, STRO-l", PDGF-R, EGF-R, IGF1-R, NGF-R, FGF-R, Leptin-R 
(STRO-2). 



10 

48. 



47. The method of enriching for MFCs of claim 40 wherein theMPCs co-express the 
markers 3G5, STRO-l«, MUC18/CD146, and alpha-smooth muscle actin. 



The method of claims 42, 43 or 44 wherein the step of enriching is based on the 
additional absence of a surface marker indicative of commitment or hematopoietic 
lineage differentiation. 

15 49. The method of claim 48 wherein the cells do not express the hematopoietic markers 
CD34, CD45 or glycophorin A. 



50. 

20 



25 51. 



The method of claim 40, wherein the enriched MFCs are capable of differentiating 
mto cells comprising one or more of at least osteoblast, odontoblast, dentin- 
producing, chondrocyte, tendon, ligament, cartilage, adipocyte, fibroblast, marrow 
stroma, osteoclast- and hematopoietie-supportive stroma, cardiac muscle, smooth 
muscle, skeletal muscle, pericyte, vascular, epithelial, glial, neuronal, astrocyte, or 
oligodendrocyte cell type. 

The method of claim 40 wherein the source tissue for the enrichment of MFC is 
selected from the group comprising, but not limited to, adipose tissue, teeth, dental 
pulp, skin, liver, kidney, heart, retina, brain, hair follicles, intestine, lung, spleen, 
lymph node, thymus, pancreas, bone, ligament, bone marrow, tendon, and skeletal 
muscle. 



30 
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; 52. The method of claim 40 wherein the source tissue for the enrichment of MPC is 
mammalian. 

53. The method of claim 40 wherein the source tissue for the enrichment of MPC is 
human. 



54. 



10 



55. 



15 56. 



57. 

20 



T*e method of claim 40 wherein the enriched population comprises at least 0.01* 
MFCs capable of forming a clonogenie colony and differentiating to three or more 
mesenchymal tissue types. 

The method of claim 40 wherein the enriched population comprises at least 0 1% 
MFCs capable of forming a clonogenie colony and differentiating to three or more 
mesenchymal tissue types. 

The method ofclaim 40 wherein the enriched population comprises at least 1% 
MFCs capable of fonning a clonogenie colony and differentiating to three or more 
mesenchymal tissue types. 

Tbe mdhod of data 40. wherein the s*p of eandung is based on the presence of.be 
nwker 3G5, and .he medrod include, the tahe, step of expanding .he p„ pttlatioil 
after enrichment. 



59. 



30 



The m ed>od„f data 40, wh^n .he *ep of enriching is based on dre presence of 0* 
nrarke, MUC18/CD146, and «he mdhod irrdodes .he rurther step of expanding .he 
population after ermVhm^t e 



58. 

25 population after enrichment 



The medrod of data 40, wherein the step of enriching i, based on Ure presence of «he 
mar.ee, STRO,, and *. medrod indudea dr. tab. aep of ^ 
population after enrichment 
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5 61. 



62. 

10 



63. 



64. 



20 

65. 



50 

The method of claim 57, 58 or 59 wherein the expanded population comprises at least 
0.1% cells which express one or more of the markers STRO-l", 3G5, or 
MUC18/CD146. 

The method of claim 57, 58 or 59 wherein the expanded population comprises at least 
1% cells which express one or more of the markers STRO-l bri , 3G5 or 
MUC18/CD146. 

The method of claim 57, 58 or 59 wherein the expanded population comprises at least 
2% cells which express one or more of the markers STRO-l w , 3G5 or 
MUC18/CD146. ' ' 



The method of claim 57, 58 or 59 wherein the expanded population comprises at least 
5% cells which express at high levels one or more of the markers STRO-1* 3G5 or 
15 MUC18/CD146. 



25 



66. 



The method of claim 57, 58 or 59 wherein the expanded population comprises at least 
10% cells which express at high levels one or more of the markers STRO-l" 3G5 or 
MUC18/CD146. ' ' 

The method of claim 57, 58 or 59 wherein the expanded population comprises cells 
of one or more of at least osteoblast, odontoblast, dentm-producing, chondrocyte 
tendon, hgament, cartilage, adipocyte, fibroblast, marrow stroma, osteoclast- and 
hematopoieticsupportive stroma, cardiac muscle, smooth muscle, skeletal muscle, 
pencyte, vascular, epithelial, glial neuronal, astrocyte, or oligodendrocyte cell type. 

A method of expanding MPC of claim 34 by culturing the cells in media 
supplemented with growth factors. 
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j 67. The method of elaim 66 wherein the growth faetors are ehosen from the group 
composing, but not limited to, PDGF, EGF, FGF, IGF, VEGF and UF. 
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Figure 1 
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Figure 3 
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Ceil Fraction #CFU-F/10 6 cells 



BMMNC 13± 26 

R1 : ZGSrfCQUfr 360 ± 45 0 

R2: 3G57CD146- 0 

R3: 3G5*/CD146* 56 ± 1 1 2 

R4: 3G5*/CD146- 0 

R5: 3G5*VCD146 + 1 ± 1 0 

R6: 3G5*VCD146- o 



Figure 4 
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Figure 6 
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Figure 7 




Figure 8 panel l 
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Figure 12 
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Figure 13 
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Figure 14 



WO 2004/085630 



PCT/AU2004/000416 




Gene Mam© 



Figure 1 5 



WO 2004/085630 



PCT/AU2004/000416 



19/19 




Figure 16 
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Sequence Listing 

<110> Medvet Science Pty Ltd 

Angioblast SyB testis Incorporated 
<120> Perivascular Mesenchymal Precursor Cells 
<160> 30 
<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<223> Printer 

<400> 1 

ctatggagag gacgccacgc ctgg 



<210> 2 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 2 

catagccatc gtagccttgt cct 



<210> 3 
<211> 16 
<212> UNA 

<213> Artificial Sequence 
<223> Primer 

<400> 3 

catgagagcc ctcaca 

<210> 4 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 4 

agagcgacac cctagac 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 5 

agccgcatct tcttttgcgt c 

<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 6 

tcatatttgg caggtttttc t 



<210> 7 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<223> Primer 



<400> 7 

cactgacacg ttggcagtgg 



20 



<210> 8 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 8 

catggagaag gctggggctc 20 

<210> 9 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 



<210> 10 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 10 

gcacccaggg ctgaggtcca 20 

<210> 11 
<211> 21 
<212> UNA 

<213> Artificial Sequence 
<223> Primer 

<400> 11 

gtggacgagg caagagtttc a 21 

<210> 12 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 12 

tggcaggtag gtgtggtagt g 21 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 13 

atgagagccc tcacactcct c 21 



<400> 9 

atgcattggg aaccctgtgc 



20 



<210> 14 
<211> 19 
<212> ENA 



;) 



o 
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<?13> Artificial Sequence 
<223> Primer 

<400> 14 
5 cgtagaagcg ccgataggc 

19 

<210> 15 
<211> 21 
<212> DMA. 
10 <213> Artificial Sequence 
<223> Primer 

<400> 15 

ctgttgccag agatggaggt t 
15 21 
<210> 16 
<211> 20 
<212> DMA. 

<213> Artificial Sequence 
20 <223> Primer 

<400> 16 

tcatcgctca ggaggtcctt 

20 

25 <210> 17 
<211> 24 
<212> DMA 

<213> Artificial Sequence 
<223> Primer 



30 



<400> 17 

ggcagcgttg gaacagaggt tgga 



24 

<210> IB 
35 <211> 24 
<212> DMA 

<213> Artificial Sequence 
<223> Primer 

40 <400> 18 

ctctaaactg gagrtggrtcag ggct 

24 

<210> 19 
<211> 19 
45 <212> DMA 

<213> Artificial Sequence 
<223> Primer 



50 



<400> 19 

gacttctcag aaggcagag 

19 

<210> 20 
<211> 20 
<212> DMA 
55 <213> Artificial Sequence 
<223> Primer 

<400> 20 

ctatcctcca agtcccagag 
SO 20 
<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<2?3> Primer 
<400> 21 

aatgtctcca gcaccttcgt on 

5 

<210> 22 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
10 <223> Primer 

<400> 22 

agcggatgtg gtaaggcata 2Q 

15 <210> 23 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 



20 



<400> 23 

ggcacaaaga agcogtactc 



20 

<210> 24 
25 <211> 20 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

20 <400> 24 

cactgggcag acagtcagaa 2Q 

<210> 25 
<211> 20 
35 <212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 25 
40 agccagggtt gccaggacca 

<210> 26 
<211> 20 
<212> DNA 
45 <213> Artificial Sequence 
<223> Primer 

<400> 26 

ttttcccact ccaggagggc 
50 20 

<210> 27 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
55 <223> Primer 

<400> 27 

ctctgcctgt ttggactttg t 

«l 

60 <210> 28 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 
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<400> 28 

cctttgcttg ccttttacct c 

<210> 29 
<211> 35 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 29 

ccagtcagag gcagtacatg ctaagaattg agtta 

<210> 30 
<211> 26 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 30 

gttttccatg gttttgtccc gcagta 




PCT/AU 2004/0004 16 



5/5 



21 



35 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/AU2004/000416 


A. . CLASSIFICATION OF SUBJECT MATTER 








Int. CI 7: 


C12N 5/00, 5/08 








According to International Patent Classification (IPC) or to both national classification and IPC 






B. 


FIELDS SEARCHED 








Minimum documentation searched iclussi llcution system followed by classification symbols) 


Documentation 


searched other than minimum documentation to the extent that such documents arc included in the fields searched 


lilectronic data hase consulted during the international search (nan* of o^te base an^ where pn^cable. search tenm used) 

CAPLUS, MEDLINE, WP1DS: multipotent, precursor, pluripotent, omnipotent, progenitor, stem cell, mucl8, CD146, 

STRO-1, smooth muscle actin, 3g5„ MPC 


C 


DOCUMENTS CONSIDERED TO BE RELEVANT 








Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 


X 


WO 200 1/004268 Al MEDVET SCIENCE PTY LTD (18 January 200 1) 
See entire document 




1-8, 10-13. 
15-23, 25-48, 
50-67 

1-39 


X 


SHI, S. et al (2001) "Comparison of Human Dental Pulp and Bone Marrow Stroma] 
Stem Cells by cDNA Microarray Analysis* Bone, 29(6): 53 2-53 9. 
See entire document 

JONES. E. A. et al (2002) "Isolation and Characterization of Bone Marrow 
Multipotential Mesenchymal Progenitor Cells" Arthritis & Rheumatism, 46(12) 3349- 
60. 

See entire document 

GRONTHOS, S. et al (2002) H Stem Cell Properties of Human Dental Pulp Stem Cells" 
J. Dent. Res. 9 81(8);53 1-535. 
See entire document 


X 
X 


1-39 
1-39 


( f Further documents are listed in the continuation of Box C [X | See patent family annex 


* Special categories of cited documents: 
"A" document defining the general state of the art which is T later document pubHahed after the international filing date or priority date and not in 
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory 

underlying the invention 

-E- earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention cannot be considered novel 
intemafaonaJ filing date or cannot be considered to Involve an inventive step when the document is taken 

alone 

"L" document which may throw doubt* on priority claim(s) -V document of particular relevance; the claimed invention cannot be considered to 
or *tnch is cited to establish the publication date of involve an inventive step when the document Is combined with one or more other 
another eitnuoe or other special reason (ns specified) such document*, such combination bemg obvious to a person slotted en (he art 

"O" document referring to an oral disclosure, use. exhibition 

or other means " &m document member of the same pa exit family 

"P" document published prior to the international filing date 
but later than the priority date claimed 


Date of the actual completion of the intcrnaiionoJ search 
10 May 2004 


Date of mailing of me international search report 

1 7 MAY 2004 


Name and mailing utldress of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2(506*. AUSTRALIA 
E-mail address: pct/rjipaustrol ia.gov. du 
Facaimile No. (02)0285 3929 


Authorized officer 

PHELEPPA YVYRDEMAN 

Telephone No : (02) 6283 2554 



Form PCT/lSA/2 10 (second sheet) (January 2C04) 



\ 

J 



INTERNATIONAL SEARCH REPORT 

Information on patent fcroily members 



International application No. 
PCT/AU2004/00Q416 



I"hi8 Annex lists the known "A" „..:•,; -» i i — r~ — ; — — - — 

iven tor the p— — ^ • - ' 1WC 13 



which are merelv 



Patent Document Cited in 
Search Report 

WO 2001/004268 



oose of information. 



AU 56636/00 



in no way liable for these particulars 



Patent Family Member 



Due to data integration issues this family listing 



may not include 1 0 digit Australian applications filed 



since May 2001. 
OF ANNEX 



END 



Form PCf/lSA^lO (patent family annex) (Januao- 2004) 



